With advances in Neonatal-Perinatal Medicine, the survival of premature and extremely premature infants is increasing. However, at the same time, the incidence of prematurity has increased over the past decade, 1 resulting in an ever-increasing number of infants that as a group are a challenge to both neonatologists and nutritionists. This is exemplified by the increase in postneonatal morbidities, including poor growth, neurodevelopmental delay, hearing and vision loss and cerebral palsy. Infants are being discharged at earlier postconceptional ages, making posthospital discharge nutrition an important component of the care of the infant.
Present recommendations from the American Academy of Pediatrics are ''designed to provide nutrients to approximate the rate of growth and composition of weight gain for a normal fetus of the same postmenstrual age, and to maintain normal concentrations of blood and tissue nutrients.'' 2 However, neonatal disease states, an inability to provide adequate enteral or parenteral nutrition in the immediate neonatal period and the obligatory weight loss result in postnatal growth deficits.
There is evidence that adaptations in the metabolic and hormonal milieu in the fetal and immediate neonatal period can result in immediate benefit but adverse long-term outcome. Nutritional insults at a vulnerable period of brain development, for example, have been shown to be associated with effects on brain size, cell number, behavior and learning memory. 3 The emergence of cardiovascular disease, hypertension, insulin resistance and obesity in low birth weight infants is another concern raising the issue of long-term ''programming.'' 4, 5 In addition, there may be transgenerational effects as evidenced by the association of low maternal birth weight and higher offspring hypertension in adulthood. 6 These changes may be exacerbated by postnatal malnutrition and poor growth that preterm infants experience.
That preterm infants grow poorly in the neonatal period is exemplified by the data from the NICHD, where growth of three cohorts, 24 to 25, 26 to 27 and 28 to 29 weeks gestation infants, were compared to the intrauterine growth curves. 7, 8 All groups initially lost weight and birth weight was regained by approximately 2.5 weeks; however, by 32 weeks postmenstrual age, the growth curves of all three groups were below the 10th percentile for in utero growth. The weight differences represented 35 to 41% of the average weight of a 32-week fetus. Reasons for the poor growth include delayed commencement of total parenteral nutrition, intolerance to intravenous glucose and lipids, feeding practices and the feeding of unfortified human milk or the use of term infant formulas. The expected weight loss can be explained by a combination of endogenous protein losses, changes in water and glycogen and lipid losses as well. Growth along the new trajectory would then result in a deficit, creating a need for catch-up growth. It is unlikely that this can be attained in the smaller infants during the hospitalization period. Failure to catch up may also be due to the current way of calculating and delivering nutrient needs. For example, Embleton et al. 9 calculated the accrued protein and energy deficits in a cohort of infants. Comparing actual intakes to estimated requirements, they reported deficits of 335±86 kcal/kg and 12±4 g/kg/d for energy and protein, respectively, at 1 week of age in the larger infants. The deficits were more marked for smaller infants and the change in z-scores for weight were as high as 2 SD. Kashyap et al. 10 have demonstrated that catch up could occur, but at the cost of changes in body composition with increased accretion of fat. Therefore, it appears unlikely that catchup growth could occur without alterations in body composition and the long-term consequences are not known. Bhatia and Rassin 11 demonstrated nearly 3 decades ago that even in larger premature infants, when compared to ''in utero'' infants, fat-fold thickness (increased) and length (decreased) were significantly different from the in utero counterparts, resulting in ''shorter fatter'' babies.
Approaches to intervention have included early initiation of parenteral nutrition, improved formulations and feeding strategies to promote catch-up growth as discussed by Dr. Adamkin (see in this supplement). Further, the feeding of specially designed postdischarge formulas has demonstrated better weight (at 9 but not at 18 months) and length (at 9 and 18 months) as well as higher bone mineral content when compared to term infant formula; 12,13 the benefit appears restricted to males, a finding similar to that of Cooke et al. 14 From the NICHD network, data demonstrate that in virtually all infants less than 1500 g, appropriate-for-gestational-age infants are ''converted'' to smallfor-gestational-age infants by 36 weeks postmenstrual age. 15 Some recovery in these parameters has been reported by Ernst et al. 16 Chronic lung disease adds an additional burden as demonstrated by 73% of infants in one study experiencing a decrease in weight zscore between hospital discharge and 7 months. 17 Current suggested guidelines for feeding preterm infants are as follows:
Growth assessment needs to be conducted at regular intervals with special attention to growth failure or excess. Until more optimal strategies are developed, striving toward achieving the best possible gain without adverse effects may be appropriate.
More recent data raise the concerns previously alluded to and are briefly mentioned here. Recently, Fewtrell et al. 18 demonstrated that at age 13 to 16 years, insulin resistance as measured by proinsulin concentration (32 to 33 split) was greater in infants fed preterm compared to low-nutrient formulas. Further, in a cohort of infants being followed longitudinally, brachial artery flow-mediated endothelium-dependent dilation in adolescence was greater in the cohort who as infants gained weight in the first 2 weeks of life compared to those whose weight gain was below the sample mean. 19 As this whole discussion has indicated, the optimal growth and nutrient needs of a premature infant remain to be defined. The reference fetus of Ziegler et al. 20 provides a nice reference growth pattern that allows theoretically based calculations to determine needs and subsequently test these in randomized controlled studies. Despite our best efforts, small preterm infants undergo significant nutritional morbidity in the neonatal period and beyond. The longterm consequences of some of these morbidities are being realized through follow-up studies. At least for now, the current guidelines need to be followed as we continue to refine our strategies for feeding this extremely vulnerable and fragile group of infants. <1800 g: 24 kcal/oz preterm infant formula Transition to 22 kcal/oz at >1800 g with all growth parameters are 25th percentile or greater and infant is gaining 15 to 40 g/day Transition from 22 kcal/oz to 20 kcal/oz term formula at 4-6 months corrected gestational age if all growth parameters are above 25th percentile
